Abstract : A new equation-error based sign-sign algorithm, which is derived from a modified least-mean-squares technique, is proposed for infinite impulse response (IIR) filtering in impulsive noise. It is demonstrated that the suggested method gives unbiased IIR system parameter estimates for different types of impulsive noise.
Introduction : Adaptive estimation of system parameters from the measured input and output data is a frequently addressed problem in the fields of signal processing, communications and control [1] . Recently, there has been considerable interest in developing adaptive system identification algorithms [2]- [5] for impulsive noise environments, and typical examples of impulsive interference [6] include low-frequency atmospheric noise as well as many types of man-made noise. However, all these robust adaptive algorithms consider finite impulse response (FIR) filtering instead of the general case of infinite impulse response (IIR) filtering. In this Letter, adaptive IIR system parameter estimation in the presence of output impulsive interference is addressed, which is more suitable to model physical systems due to the pole-zero structure, and is also more computational efficient than the FIR counterpart.
Equation-error and output-error [7] are two standard configurations for adaptive IIR system modelling. The former has the advantages of unimodal error surface and guaranteed system stability but has the drawback of producing biased estimates. On the other hand, although the latter can achieve unbiased system identification, it is possibly unstable and does not ensure global convergence. In this study, the equation-error approach is utilized where unbiased estimation is attained via minimizing the mean square error function subject to a unit-norm constraint [8]- [9] . In order to operate in impulsive noise environment, only the signs of the regressor term and error function are required in updating the resultant algorithm. It is demonstrated that the proposed method provides unbiased IIR system parameter estimates and outperforms the standard sign-sign algorithm in commonly used impulsive noise models of Gaussian mixture [3] as well as α-stable
Proposed Sign-Sign Algorithm : The block diagram for adaptive equation-error IIR filtering 2 This paper is a postprint of a paper submitted to and accepted for publication in Electronics Letters and is subject to Institution of Engineering and Technology Copyright. The copy of record is available at IET Digital Library.
is depicted in Figure 1 . We consider that the unknown system H(z) has the form of
where
and their orders, M and N , are assumed known. The observed system input and output are s(k) and r(k), respectively, where the former is free of noise and the latter is corrupted by an additive uncorrelated zero-mean noise n(k) with unknown variance σ 2 n . Given s(k)
and r(k), the task is to find
In the equation-error formulation, the estimation error e(k) is
where {â i } and {b j } denote the system parameter estimates. The corresponding mean square error function or performance surface, namely, E{e 2 (k)}, is given by
It is well known that minimizing E{e 2 (k)} with respect to {â i } and {b j } will give biased system parameter estimates because the noise component of the performance surface is a function of {â i } as well. A standard solution for bias removal is to minimize E{e 2 (k)} subject to 1 +
is a positive constant, which is referred to as the unit-norm
. This constrained optimization problem can be solved by minimizing an unconstrained cost function of the form [9]:
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Using the instantaneous gradient approximation, the corresponding least-mean-squares algorithm is then [9]:
where µ a and µ b are positive scalars that govern convergence rate and stability of the adaptive algorithm. In the presence of impulsive interference, the amplitudes of e(k) and r(k) can be very large. As a result, we propose the sign-sign version of (6)- (7):
where sign(x) = 1 if x > 0 and equals −1 otherwise. Note that (8) and (9) This paper is a postprint of a paper submitted to and accepted for publication in Electronics Letters and is subject to Institution of Engineering and Technology Copyright. The copy of record is available at IET Digital Library.
two-term Gaussian mixture [3] with marginal probability density function of the form 0.95N (0, 1) + 0.05N (0, 100), which indicates that the probability of impulse occurrence is 0.05. While the second is an independent symmetric α-stable process with zero location parameter, α = 1.5 and and unity dispersion. The adaptive filter weights are set to zero initially and µ a = µ b = 0.005 is used. All results provided are averages of 200 independent runs. Figures 1 to 3 show the learning trajectories of the system parameters, namely, a 1 , a 2 and b 0 , respectively. Although both methods converge in less than 2500 iterations for the two noise models, it is observed that the proposed scheme produces unbiased estimates in all cases whereas the estimates of a 1 and a 2 in the standard sign-sign algorithm are biased, which have mean values of −0.86 and 0.38, and −0.76 and 0.30 in Gaussian mixture and α-stable noise, respectively.
To conclude, a simple adaptive algorithm based on a modified performance surface has been developed for unbiased IIR system parameter estimation in the presence of output impulsive interference. The proposed method is superior to the standard signsign algorithm for two different impulsive noise models.
